The proteins of simian virus 40 (SV40) and two human papovaviruses, the hemagglutinating BK virus and the non-hemagglutinating DAR virus, were analyzed and compared by sodium dodecyl sulfate polyacrylamide gel electrophoresis. The virions of SV40 and DAR contain seven proteins. By molecular weight analysis the constituent proteins of SV40 and DAR are identical. Approximately 84% of the viral protein has a molceular weight of 45,000. The major protein of BK virus is 3,000 to 5,000 daltons lighter than the major proteins of SV40 and DAR viruses. The five most rapidly migrating proteins of BK virus are indistinguishable by molecular weight analysis from the corresponding proteins of SV40 and DAR viruses. Radial immunodiffusion and immunoelectrophoresis of whole virus gave lines of identity between SV40 and DAR when reacted with SV40 antibody. SV40 antiserum tested against BK virus and BK antiserum tested against SV40 virus showed no reactivity by complement fixation, immunodiffusion, or immunoelectrophoresis.
Three human papovaviruses have been isolated in cell culture from the brains of patients with the rare demyelinating disease, progressive multifocal leukoencephalopathy (PML). Two of the viruses isolated by Weiner et al. (14) appear to share a close antigenic and biologic relationship with simian virus 40 (SV40). The antigenic and biologic properties of the third virus, JC, isolated by Padgett et al. (5) are still to be elucidated. A fourth papovavirus, which like the JC virus is hemagglutinating, was isolated by Gardner et al. (2) from the urine of a patient who had undergone renal transplantation. This isolate, known as BK virus (BKV), has been shown to possess some antigenic relationship to SV40 (2, 6, 11) .
Studies were undertaken to elucidate further the physical and antigenic relationships between two of the human papovaviruses and SV40. The two viruses selected for comparison with SV40 were the hemagglutinating BKV and the non-hemagglutinating virus isolated by Weiner Antisera. Antisera to BK and SV40 were obtained from the ascitic fluid of hamsters inoculated with purified virus after the method of Takemoto and Habel (9) . CF tests. The microtiter procedure of Sever (8) Bovine serum albumin (molecular weight 65,000), ovalbumin (molecular weight 45,000), chymotrypsinogen (molecular weight 25,000), equine myoglobin (molecular weight 16,900), and cytochrome c (molecular weight 12,400) were the standards for all molecular weight determinations.
Radioactive gels were fractionated into 0.8-mm slices, dissolved in 0.2 ml of 30% hydrogen peroxide at 80 C ovenight, solubilized in an NCS tissue solubilizer (Nuclear Chicago Corp.), and counted in a liquiflor-toluene cocktail.
Immunodiffusion. Radial immunodiffusion was carried out on plates overlaid with a solution of 1 g of agarose dissolved in 50 ml of 0.05 M Barbital (pH 8.6) plus 50 ml of water. Wells were filled with antigen and antibody and precipitin lines were noted at 28 to 48 h. Plates were soaked for 48 h in PBS, 24 h in distilled water, and were stained with 0.5% amidoschwartz dissolved in 10% glacial acetic acid in methanol. They were destained in 10% glacial acetic acid in methanol and photographed.
Immunoelectrophoresis. Agarose plates of the above composition were loaded with antigen, electrophoresed at 30 mA/plate for 90 min in 0.05 Barbitol (pH 8.6). Plates were stained and photographed after the formation of precipitin lines.
RESULTS
Polyacrylamide gel electrophoresis. Figure  1 illustrates the results of electrophoresis of disrupted virus. SV40 and DAR viruses were indistinguishable and yielded seven distinct bands with molecular weights indicated in Table 1 . Electrophoresis of BK virus yielded six proteins. The first and major protein (VP-1) of the BK virus was noted to be 3,000 to 5,000 daltons lighter than the respective VP-1 proteins of SV40 and DAR viruses (Fig. 1 ).
For convenience, the last five proteins of BK virus, which are seen to have identical molecular weights to the last five proteins of SV40, shall be designated Vp3, Vp4, Vp5, Vp6, and Vp7. No protein of 40,000 daltons (Vp2) was resolvable from the major protein in BK virus.
Coelectrophoresis of 'IC-labeled SV40 and 3H-labeled DAR virus was conducted. As seen in Fig. 2 , migration was identical. 3H-labeled BK virus was then coelectrophoresed with 14C SV40. Vpl of BK migrated one slice ahead of the Vpl of SV40 (Fig. 2) . Identical results were obtained when "4C-labeled BK virus was coelectrophoresed with 3H-labeled DAR virus. The second protein band of each virus was less than 1 mm from Vpl and was therefore not resolvable by the technique used. The 32,000 molecular weight protein was equal to or less than 1% of the total viral protein by isotopic gel electrophoresis, and was frequently not detectable over background. Composite molecular weights obtained by visual and isotopic procedures are presented in Table 2 . The percentage of total protein was calculated from isotopic data.
Inspection of Fig. 1 and 2 , and the P values in Table 2 confirm the molecular weight identity of the proteins of DAR and SV40 viruses. The significant observation from these data is that the major protein of BK virus is approximately 3,000 to 5,000 daltons lighter than the major protein of SV40 or DAR virus, whereas the molecular weights of the last five proteins of all three viruses are identical. Antigenic analysis; CF. Antiserum against SV40 and BKV was tested by CF against known quantities of intact virus. SV40 antiserum titered 1/1,280 against 66 ,ug of purified SV40. BKV antiserum titered 1/64 against 56 ,g of BK virus. BKV antiserum was unable to fix complement when reacted with SV40, and BK antiserum did not fix complement when reacted with SV40. This is in accord with the findings of Gardner et al. (2) that by CF tests SV40 and BKV are not related.
Immunodiffusion. Radial immunodiffusion in agarose was carried out by using the three viruses as antigens against BK and SV40 antisera. Each antigen well was loaded with 10 lambda of virus at the following concentrations: BK = 0.57 mg/ml, SV40 = 0.48 mg/ml, DAR = 0.38 mg/ml. SV40 viral antiserum showed a precipitin reaction and gave lines of identity with SV40 and DAR (Fig. 3) . No reaction was noted between SV40 antibody and BK virus (Fig. 3) virus but showed no reaction with either SV40
or DAR virus (Fig. 3) .
Immunoelectrophoresis. Figure 4 shows the results of simultaneous immunoelectrophoresis of the viruses at pH 8.6 with migration to the anode. Virus Penney and Narayan (6) have confirmed an antigenic relationship between SV40 and BKV by using immune electron microscopy. Our current studies utilizing the more conventional and less sensitive immunologic techniques of CF, radial immunodiffusion, and immunoelectrophoresis lead us to conclude that although SV40 and BKV are related, they do possess major antigenic differences.
The importance of this conclusion must be interpreted in light of our observation that SV40, DAR, BK, and JC viruses all induce similar T antigens (11, 13) . Since T-antigen is presumably virus specified, as are the viral proteins, our observations regarding SV40 and BKV suggest that regions of homology and difference may exist between the nucleic acids of SV40 and BKV. Studies comparing the nucleic acids of these two viruses are now underway.
